oxidase (4, 9), peroxidase (2), catalase (2, 3, 13), and phosphatase (8) activities in preparations-of various corn tissues. In most cases, however, only one stage of development has been considered. The experiments reported here were undertaken when, in connection with other studies in progress at this laboratory, it became necessary to obtain estimates of the five types of activity in preparations of corn embryos, etiolated shoots, and green seedlings. The aim of these experiments was threefold: to adapt published assay methods for use with preparations of corn tissue, to estimate the activities of preparations from corn at the various stages of development listed above, and to study the fractionation of activities effected by high-speed centrifugation.
HASKINS-ENZYMES IN CORN NIATERIALS AND METHODS
Seeds of corn (Zea mays L.) of the variety, Krug, and the hybrid, L 289 x I 105, were used in these studies. Seeds were soaked for 5 minutes in 1 % sodium hypochlorite solution, thoroughly rinsed with distilled water, and for embryo and shoot material were incubated between wet paper towels in Petri dishes in a dark chamber at 240 C. Seeds used for embryo preparations were incubated for a period of 10 hours, which was found to be sufficient to permit easy removal of the pericarp and excision of the embryo. For the production of etiolated shoots, seeds were incubated for longer periods as indicated in table I. Etiolated shoots were excised at the scutellar node, and thus each shoot consisted of the first internode of the stem, the coleoptile, and the unexpanded foliage leaves and shoot apex within the coleoptile. Since an illuminated growth chamber was not readily available, green seedling material was grown near a window in the laboratory. The seedlings were grown in vermiculite and were watered with tap water. For enzyme preparations, seedlings were excised at the surface of the vermiculite, and the remains of the coleoptiles which clung to the stems were removed and discarded. The term green seedling, as used in this report, therefore refers to only that portion of the seedling which is above the coleoptilar node.
The following procedure was used in making the enzyme preparations. Excised embryos, etiolated shoots, and green seedlings were washed once in cold distilled water and were then thoroughly ground in cold mortars with approximately 5 parts of cold water and 0.7 parts of reagent-grade sea sand. The resulting slurries were diluted with cold water to 10 ml per gm of tissue for the shoot and seedling preparations and 20 ml per gm of tissue for the embryo preparations, and were centrifuged for 2 minutes in a clinical centrifuge. Supernatants from this centrifugation were used as the enzyme preparations. The pH of these supernatants was approximately 7.0 for embryo preparations and 5.8 for preparations of etiolated shoots and green seedlings. The supernatants were used without further dilution for the estimation of catalase, phosphatase, and polyphenolase activities, and were diluted 1: 5 and 1: 10 for assay of cytochrome oxidase and peroxidase activities, respectively. For these dilutions pH 7.0 buffer was employed which was 0.05 I with respect to potassium phosphate, 4 x 10-NM with respect to AlC13, and 0.41 AM with respect to D-mannitol. Preparations were kept in ice baths as much as possible until enzyme runs were completed. Under the conditions used the preparations exhibited generally excellent stability over the period of 4 to 6 hours required for a series of determinations.
In preliminary work on methods of assay for the various enzyme activities, preparations of etiolated shoots were used and conditions, particularly pH and concentrations of substrate and preparation, were varied over wide ranges. The methods which appeared most satisfactory are described below. It was found that when these assay methods were employed, the relationship between reaction rate and preparation concentration approached linearity over a several-fold range in concentration of preparation.
Catalase activity was estimated by a modification of the titrimetric method presented by Sumner and Somers (16) Phosphatase activity was assayed by a modification of the method of Sommer (14) . To 5.8 ml of buffer (0.05 M citric acid, 0.075 M ethylene diamine, pH 4.9), 1.0 ml of 0.01 M disodium p-nitrophenyl phosphate (Sigma Chemical Company) was added, and the solution was brought to 300 C. At zero time 0.2 ml of enzyme preparation was added, and at 1, 5, and 9-minutes, 1-ml aliquots were pipetted from the reaction mixture into 3-ml portions of 0.1 N NaOH. Samples were usually allowed to stand approximately 1 hour after addition to the base, and optical densities at 400 mju were then read using the Beckman DU spectrophotometer. The extinction coefficient of p-nitrophenol in dilute base at 400 mu was found to be 1.60 x 107 cm2 per mole. This value was used in calculating specific activities. The addition of Mg++ to a final concentration of 103 M increased the phosphatase activity of corn shoot preparations only slightly (< 5 %). It appears, therefore, that the principal corn shoot phosphatase can be included with the class II phosphomonoesterases of Sumner and Somers (16) .
Polyphenolase activity was estimated by a method patterned after that of Ponting and Joslyn (12) but adapted for use of the Beckman cell as the reaction vessel. Buffer (0.01 M sodium acetate, pH 5.6) and catechol (0.5 M) solutions were brought to 30°C before they were added to the cell. The reaction mixture consisted of 2.9 ml of buffer, 0.5 ml of catechol, and 0.1 ml of enzyme preparation. The enzyme preparation was added at zero time and optical densities at 410 mu were recorded at 1-minute intervals for 6 minutes.
In experiments concerned with the centrifugal fractionation of preparations with respect to the five enzyme activities, etiolated shoots were ground in unbuffered 0.41 M mannitol. Following the usual low speed centrifugation, supernatants (pH approximately 5.8) were subjected to centrifugation at approximately 40,000 x g for 20 minutes in a Spinco model L refrigerated ultracentrifuge. The sedimented fraction from this centrifugation was washed by resuspending in 0.41 M mannitol and recentrifuging, and was finally suspended in 0.41 M mannitol and diluted to the original volume.
For the determination of protein nitrogen, a modification of the method of Koch and McMeekin (7) was used. Dilutions of the enzyme preparations were treated with equal volumes of 20 % trichloroacetic acid, the resulting precipitates were centrifuged down, washed once with 10 % trichloroacetic acid, and digested with H2S04 and H202. Nitrogen content of the digests was then determined colorimetrically through the use of Nessler reagent.
RESULTS AND DISCUSSION The results of typical experiments with embryos, etiolated shoots of various ages, and green seedlings of various ages for corn of the single cross hybrid, L 289 x I 205, are presented in table I. Activities listed are based on duplicate determinations. Comparable determinations have been made with embryos and shoots of the variety, Krug, with essentially similar results.
It is apparent from the data that in comparison with shoot preparations, embryo preparations are approximately equal in catalase activity, somewhat lower in cytochrome oxidase and phosphatase activities, and much lower in peroxidase and polyphenolase activities. Seedling preparations, on the other hand, are appreciably lower than shoot preparations in catalase and cytochrome oxidase activities, approximately equal in peroxidase and phosphatase activities, and somewhat higher in polyphenolase activity. In etiolated shoots it appears that there is an increase in the specific activities of the five enzymes with age. Stafford (15) has noted a similar effect of age of etiolated pea seedlings on the activities of several enzymes, one of which was cytochrome oxidase. In the present work, this increase is most pronounced in peroxidase and polyphenolase activities. Some increase in spe- 
SUMMARY
Specific activities of preparations of corn embryos, etiolated shoots (excised at the scutellar node), and green seedlings (excised at the coleoptilar node) with respect to five enzymes have been determined. The preparations may be arranged as follows in order of their specific activities: catalase-seedling < shoot, embryo; cytochrome oxidase embryo, seedling < shoot; peroxidase embryo < shoot, seedling; phosphatase embryo < shoot, seedling; and polyphenolase embryo < shoot < seedling. Etiolated shoots of increasing age yielded preparations of increasing specific activity with respect to the five enzymes. A similar but less pronounced effect of age was noted in experiments with green seedlings. High speed centrifugation of shoot preparations resulted in the sedimentation of a fraction with which were asociated most of the catalase, cytochrome oxidase, and polyphenolase activities of the original preparation, while the supernatant accounted for most of the peroxidase and phosphatase activities. 
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